ABSTRACT: A 2 × 2 factorial experiment was conducted to investigate the effect of dietary protease (0 and 200 mg/kg) and xylanase (0 and 200mg/kg) in reducing manure odor and NH 3 from fi nisher pigs. Sixteen pigs were assigned to 1 of 4 dietary treatments, (i) basal diet, (ii) basal diet + xylanase, (iii) basal diet + protease, or (iv) basal diet + xylanase + protease, for 24 d. The manure samples from pigs offered diets containing protease showed increased (P < 0.05) molar proportions of isobutyric acid, isovaleric acid, valeric acid, and branched-chain fatty acids in contrast to pigs offered diets without protease supplementation. The pigs offered diets with xylanase inclusion had reduced (P < 0.05) manure odor emissions compared to pigs offered diets without xylanase supplementation [598 vs. 1306 European odor units (OuE)/m 3 ]. Pigs offered protease-supplemented diets alone had signifi cantly higher NH 3 emissions compared to basal fed pigs. However, NH 3 emissions were reduced when protease was combined with xylanase. In summary, this study indicates that protease supplementation increased protein-derived VFA in manure and also increased manure NH 3 emissions when offered singularly. Consumption of diets containing xylanase reduced manure odor emissions.
INTRODUCTION
Manure odor and NH 3 emissions are a consequence of intensive pig production. This refl ects the often poor use of dietary protein by growing-fi nishing pigs with consequently high levels of N in manure. Microbial degradation of this N pool gives rise to NH 3 volatilization and the formation of odorous compounds such as VFA. Dried distillers grain with solubles (DDGS) and rape (Brassica napus) seed meal (RSM) are popular by-products for use in feed formulations. In comparison with wheat (Triticum aestivum), DDGS has previously been associated with low protein quality and reduced AA availability, and similarly, RSM as a feedstuff may have a reduced protein digestibility (72 vs. 88%) in comparison with soya bean meal (SBM) (Albar et al., 2001) . The limitations of these feedstuffs set an upper limit to the inclusion rate, which may be achieved from a growth performance perspective but also has implications for excretion of environmental pollutants. Poor availability of protein will result in greater excretion of protein-derived fermentation byproducts, which are causal agents in the formation of manure NH 3 and odor. Therefore, the use of these feed ingredients may exacerbate the effect of intensive pig production on the environment.
Dietary inclusion of enzymes such as carbohydrases and proteases offer a means by which nutrient digestibility may be stimulated and is typically more effective where poorer quality feed ingredients such as RSM and DDGS are used. The hypothesis of this study was that the inclusion of protease and xylanase may reduce urinary and fecal N excretion and VFA production, thereby reducing manure odor and NH 3 emissions. Furthermore, to evaluate any potential positive relationship between protease and xylanase, both feed supplements were added together in a combination diet.
MATERIALS AND METHODS
The experiment was designed as a 2 × 2 factorial comprising four diets including (i) basal diet, (ii) basal diet + xylanase enzyme, (iii) basal diet + protease enzyme, and (iv) basal diet + xylanase + protease enzyme. The xylanase enzyme (Ronozyme WX) contained 1000 fungal xylanase units/g of enzyme concentrate and was included at 200 mg/kg in the diet. The protease enzyme (Ronozyme ProAct) contained 75,000 protease units/g and was included at 200 mg/kg in the diet. Experimental diets were formulated to contain similar concentrations of standardized ileal digestible lysine (8.8 g/kg) and net energy (10.2 MJ/kg). All diets were fed in meal form. Sixteen boars (n = 4/treatment) were blocked based on BW (56.5 ± 2.1 kg) and given a 14-d dietary adaptation period and then transferred to metabolism crates for total urine and feces collections. Collections were obtained after a 5-d adaptation period. The feeding and excreta collection regime for N balance determination, odor, and manure NH 3 studies was as described previously by O'Shea et al. (2011) .
Manure NH 3 emission was studied in an in vitro assay using combined fecal and urine samples prepared as detailed by O'Shea et al. (2011) . Volatilized NH 3 from each manure sample was determined at 96 and 240 h. Air sampling from manure samples was performed at 72 h postcollection as described by Lynch et al. (2008) . Samples were analyzed for odor concentration [European odor units (OuE)/m 3 ] using an Ecoma T07 dynamic olfactometer (Ecoma, Honigsee, Germany). Manure samples were taken at 72 h from the odor study for subsequent VFA analysis by gas chromatography . Routine compositional analysis of the four diets was performed to ensure uniformity and is described elsewhere (McDonnell et al., 2011) . The N concentrations of diets and urine were determined using a Leco FP 528 instrument (Leco Instruments UK Ltd., Cheshire, UK). The N concentration of fresh feces was analyzed by the macro-Kjeldahl technique using a Büchi digestion and distillation apparatus (Büchi, Flawil, Switzerland) .
Statistical Analysis
The data was analyzed using the general linear model procedure of SAS (Statistical Analysis System, Inc., Cary, NC). The model used included the effect of protease enzyme, xylanase enzyme, and the associated 2-way interaction between protease and xylanase. The individual pig served as the experimental unit.
RESULTS
Consumption of xylanase and protease either singularly or in combination had no effect on N balance. Manure from pigs offered diets containing protease contained increased (P < 0.05) molar proportions of isobutyric acid, isovaleric acid, valeric acid, and branched-chain fatty acids at 72 h when compared with pigs offered diets without protease supplementation (Table 1) . Manure from pigs offered diets containing xylanase had a reduced (P < 0.05) total VFA concentration and acetic:propionic acid ratio at 72 h compared with pigs offered diets without xylanase supplementation. Pigs offered diets containing xylanase had reduced (P < 0.05) manure odor emissions at 72 h compared with pigs offered diets without xylanase supplementation. There was an interaction between xylanase and protease on manure NH 3 emissions from 0 to 96 h (P < 0.05). Pigs offered protease supplemented diets alone had higher (P < 0.05) NH 3 emissions compared to basal fed pigs. However, there was no effect on manure NH 3 emissions when protease and xylanase was offered in combination.
DISCUSSION
The relatively poor use of dietary protein in growing-fi nishing pigs can result in a build-up of N-rich compounds in the resulting manure stimulating NH 3 and odor emissions. The use of dietary RSM and DDGS may exacerbate the excretion of N due to increased levels of poorly used protein when compared with wheat and SBM. Consumption of diets containing xylanase or protease or both had no effect on fecal or urinary N excretion and thus had no impact on total N excretion. This indicates that any improvement in N availability was not refl ected in a shift in the excretory routes of N. Consumption of the diets containing protease resulted in a proportional increase in manure valeric acid, isobutyric acid, and isovaleric acid production. These metabolites are pungent odorants and are almost exclusively derived from protein degradation and indicate that the protease enzyme was at least active in the manure. Pigs offered diets containing only protease had increased manure NH 3 emissions in the fi rst 96 h of measurement offering further evidence of increased proteolytic activity. Why this increase in manure NH 3 was not observed when protease was combined with xylanase is not clear. It is possible that a different fermentation pattern was induced when the enzymes were ingested in combination. Consumption of the xylanase diet induced a considerable 54% reduction in manure odor emissions. This was accompanied by a decrease in total VFA concentrations in manure. Previously, the use of enzyme composites containing xylanase has shown a considerable reduction in concentrations of odorous VFA in manure (O'Shea et al., 2010) . These authors did not observe the same pronounced decrease in manure odor; however, in the current study wheat and wheat byproducts rich in arabinoxylans were used, in contrast to the barley (Hordeum vulgare) and oats (Avena sativa) used in that study. In summary, the benefi t of using protease to reduce NH 3 or odor appears to have been limited in this study, instead stimulating the production of protein-derived VFA in manure. However, including xylanase as an enzyme reduced manure odor emissions and may be a useful supplement to moderate the odorous impact of pig manure.
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